Introduction: Respiratory morbidity after esophageal atresia (EA) is common. The aims of this study were to assess pulmonary function, to identify risk factors for pulmonary function impairment (PFI), and to investigate the relations between respiratory morbidity, defined as medical treatment for respiratory symptoms or recent pneumonia and PFI after EA repair. Material and Methods: Single center retrospective observational study including patients with EA who participated in the follow-up program for 8-or 15-year old patients from 2014 to 2018 and performed pulmonary function testing by body plethysmography, dynamic spirometry, impulse oscillometry, and diffusing capacity of the lungs. Univariate and multiple stepwise logistic regression with PFI as outcome were performed. Anastomotic leak, episodes of general anesthesia, extubation day, birth weight, age at follow up, gross classification, and abnormal reflux index were independent variables. Results: In total, 47 patients were included. PFI was found in 19 patients (41%) and 16 out of 19 patients (84%) had an obstructive pattern. Respiratory morbidity was found in 23 (52%, NA = 3) of the patients with no correlation to PFI. Birth weight, age at follow-up, and episodes of general anesthesia were identified as risk factors for PFI. Conclusion: Respiratory morbidity and PFI were common in children and adolescents after EA repair. The major component of PFI was obstruction of the airways. The risk for PFI increased with lower birth weight and older age at follow up. The poor correlation between respiratory morbidity and PFI motivates the need of clinical follow up including pulmonary function tests. K E Y W O R D S esophageal atresia, pulmonary function, respiratory morbidity
comparable to children with congenital diaphragmatic hernia, a condition with lung hypoplasia and pulmonary hypertension. 7 Persistent respiratory symptoms in children with EA are chronic cough, recurrent pneumonia and bronchitis, asthma-like wheezing, vocal cord dysfunction, dyspnea, apneic, and cyanotic attacks. [8] [9] [10] Some of the respiratory symptoms may be related to gastroesophageal reflux (GER), esophageal dysmotility, dysphagia, tracheomalacia, bronchiectasis, chest wall deformities, and surgical complications. 2, 3, 7, 11, 12 However, the cause of pulmonary dysfunction is not fully understood as a significant proportion of survivors have obstructive and/or restrictive pulmonary function impairment (PFI) not related to these conditions. 4, 8 Pulmonary function tests from body plethysmography, dynamic spirometry, impulse oscillometry (IOS), and the diffusing capacity of the lungs for carbon monoxide (D LCO ) are well-established pulmonary function tests; validated in children with reference values for the growing child [13] [14] [15] and they have been conducted in children after EA repair with good correlation to disease and other tests. 10, 16 Knowledge of pulmonary function in children and adolescents with EA is still scarce and most of the available studies are smallsized including patients at various ages 7, 10, 11, [16] [17] [18] [19] [20] [21] The aims of this study were to assess pulmonary function and eventual differences between 8-and 15-year-old patients after EA repair.
We also aimed to identify risk factors for PFI and to investigate the relations between respiratory morbidity, defined as medical treatment for respiratory symptoms or recent pneumonia, and PFI after EA repair.
| MATERIALS AND METHODS

| Study participants
The use of patientʼs data in this study was approved by the Regional 
| National follow-up program after EA repair
Since 2011 there has been a national follow-up program after EA repair in Sweden and from 2014 we have added pulmonary function tests to the follow-up program in our unit. The program is a multidisciplinary approach with a team consisting of a pediatric surgeon, a pediatric pulmonologist, and a dietitian. The patients underwent an examination and an interview was carried out with the parents and patients. Pulmonary function tests were performed the day before upper endoscopy and pH/impedance measurements.
| Pulmonary function tests
Body plethysmography, dynamic spirometry, IOS, and D LCO were performed by a trained pulmonary technician using Jaeger MasterScreen Body and MasterScope PFT system with IOS (Erich Jaeger AG, Würzburg, Germany).
The following variables were analyzed:
-Total lung capacity (TLC) from body plethysmography measurements -D LCO adjusted for hemoglobin from diffusion capacity measurements (D LCOc ) -Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV 1 ), FEV 1 /vital capacity (VC) alternatively FEV 1 /FVC from dynamic spirometry -IOS parameters:
(1) Reactance (X) at 5 Hz (reflecting elastic properties of the lung and small airways),
(2) Resistance (R) at 5 Hz (reflecting resistance in the whole airways tree),
(3) R at 20 Hz (reflecting resistance of central airways).
All pulmonary function testing reports were analyzed by two clinical physiologists (AM, HH) and measurements that did not fulfill quality criteria were excluded. Furthermore, a consensus review was carried out, based on the American Thoracic Society (ATS)/European Respiratory Society (ERS) lung function assessment strategies 22 with regard to PFI, describing it as obstructive and/or restrictive and/or diffusion capacity impairment.
For comparative purposes the values were analyzed and presented as a percent of predicted or z-score based on the predicted value from the reference population. The reference values were obtained from Solymar et al, 23 Polgar and Promadhat, 24 Quanjer et al, 25 the Global Lung Function Initiative (GLI), 13, 15 and Nowowiejska et al. 14 For guidance in interpreting these values see ATS/ERS lung function assessment strategies. 22 The anthropometric data was compared with the reference values provided by the WHO Child Growth Standards [26] [27] [28] and the extension of this data published by Rodd et al 29 using the online CPEG shiny app "WHO Z-scores 0 to 19 years." 30 
| Data collection and definitions
Data were obtained from the medical records of the patients that met the inclusion criteria described above and was analyzed according to age groups (8 or 15 years) and pulmonary function (normal or impaired).
The dichotomous variable PFI was defined based on the assessment of pulmonary function by the clinical physiologists (obstructive, restrictive, and/or diffusion capacity impairment) and reflected abnormal results in any of these categories. We defined respiratory morbidity as medical treatment for respiratory symptoms with β-agonists and/or inhaled steroids and/or history of pneumonia during recent years. Abnormal reflux index was defined as DeMeester score greater than 14.7 or Boix-Ochoa score greater than 12. The pH/impedance probe was placed during a gastroesophagoscopy and measurements were conducted for 24 hours. DONOSO ET AL.
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Use of inhaled medication and history of pneumonia in the study population are presented in Table 1 .
| Statistical analysis
For descriptive statistics, the Fisher exact test was performed on qualitative variables and the Kruskal-Wallis rank sum test on quantitative parameters.
Univariate logistic regression and multiple stepwise logistic
regression with impaired pulmonary function as outcome were performed. We included the following independent variables in the multiple regression: anastomotic leak, episodes of general anesthesia, extubation day, birth weight, age at follow up, and gross classification and used P value based selection. Abnormal reflux index was excluded from the main multiple regression model due to missing data in 12 cases but was added in a separate multiple regression model. The study population was divided into two groups according to age: 8-years old (n = 25) and 15-years old (n = 22). Patients' characteristics by age groups are presented in Table 1 . There were no statistically significant differences between the age groups.
When the study population was grouped according to PFI, significantly lower birth weight, length, and GA were observed in the group with PFI compared with those who had normal pulmonary function. No difference, regarding respiratory morbidity was observed (P = .157). Patients' characteristics by pulmonary function are presented in Table 2 . The pulmonary function of one patient could not be evaluated due to incomplete tests.
The percent of predicted values or z-scores for TLC, FEV 1 (both with Solymar et al 23 and GLI 13, 15 ), FEV 1 /VC, and FEV 1/ FVC did not vary between the age groups; however FEV 1 and FVC were notably lower in both groups compared with the reference population ( Table 3) . The values for X at 5 Hz were significantly higher in group 15 compared with group 8 and the diffusion capacity of the lungs was lower than the reference population, particularly in the adolescent group (Table 3) .
Both the univariate and multiple risk factor analyses showed an increased risk of PFI with decreasing birth weight. No other variable was significant in the univariate analysis ( Table 4 ). The multiple risk factor analysis also showed increased risk for PFI for every additional
year in age at follow up and a reduced risk for each episode of general anesthesia (Table 5 ). We found no correlation between impaired pulmonary function and abnormal reflux index (n = 34).
| DISCUSSION
In the current study we found that PFI was common in children and this lies within the range given by other studies of 12% to 57%. 8, 11 Earlier studies have reported an association between obstructive ventilatory impairment in patients with EA and bronchial hyperresponsiveness comparable with asthma. However, only minor improvement was achieved after treatment with β-agonists. 8, 18 Tracheomalacia is another condition that has been proposed as a cause behind obstructive ventilatory impairment. 10, 17, 31 However only five of the patients in our study underwent tracheobronchoscopy and four of them were diagnosed with tracheomalacia. The patients in this study underwent repair of EA before peroperative tracheobronchoscopy was routinely performed.
The restrictive ventilatory impairment of 12% in the current study was lower compared with other studies of 17% to 35%. 11, 18 Congenital or acquired vertebral or chest wall abnormalities (ie, scoliosis or postoperative rib fusions), surgical trauma, aspiration due to GER, and/or recurrent chest infections are all factors that have been associated with restrictive lung disease. 8, 32 All patients in our study underwent thoracotomy. We found no relation between abnormal reflux index and PFI indicating that there are other factors involved in the restrictive impairment in our study population.
Impaired diffusion capacity was also found in a low proportion of our subjects, especially among the adolescents. There was a tendency towards lower diffusion capacity values in the adolescents compared Changes in reactance were present to a larger degree in the adolescents than in the children. In theory, reactance can be affected by both peripheral obstruction 33 as well as restrictive disorder 33 ;
which limits the conclusions that can be made from this observation.
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Birth weight was identified as a variable influencing pulmonary function. This variable has strong correlation with GA and is likely a reflection of lung maturity at birth. Neonates with low GA have more pulmonary complications, such as broncho-pulmonary dysplasia, which in turn has been associated with impaired pulmonary function, both regarding obstructive disorder, suggesting involvement of small airways, and diffusion capacity. 34 Similar findings were found for extremely preterm and extremely low birth weight infants with obstructive patterns at 8 and 18 years of age. 35 The multiple risk factor analysis also identified age at pulmonary function test as being a risk factor for PFI. This is likely due to insufficient lung development at birth, but probably also impaired pulmonary growth during childhood. Impaired pulmonary growth during childhood was also suggested by our findings with a trend towards lower FEV1 and diffusion capacity, according to GLI, in the older group compared with the younger group. Among other factors, GER and recurrent pneumonia have been proposed as being processes that drive impaired pulmonary growth. In our study population, neither GER nor recurrent pneumonia were found to be risk factors, which is supportive of the results of Pedersen et al 18 The pulmonary function of one patient could not be evaluated due to incomplete tests. A considerable proportion of patients in both age groups had respiratory morbidity at follow up, this finding has been described earlier by others, as well as its negative impact on quality of life. 3, 11, 16, 31, 32, 36, 37 Our definition comprised the medical treatment of their respiratory symptoms and/or at least one episode of pneumonia during recent years. The majority of our patients classified as having respiratory morbidity were using inhaled medicine.
In the current study, neither pulmonary function nor respiratory morbidity improved in the older patients. This observation is contrary to other reports of improvement of clinical symptoms such as recurrent pneumonia and bronchitis over time. 8 Furthermore, the multiple risk factor analysis identified age at pulmonary function test as a variable that increases the risk of PFI, indicating that the PFI is acquired or cannot be compensated to the same extent as the children grow. This is in contrast to earlier reports 11 but supportive of more recent ones, 18, 19, 21, 31 indicating that the PFI does not improve over time.
When we analyzed the study population according to pulmonary function there was no difference in respiratory morbidity between the group with normal pulmonary function and the group with impaired pulmonary function. This supports earlier reports 16, 19 on the lack of correlation between respiratory symptoms and PFI. Follow-up programs including pulmonary function tests seem to be required to detect and treat respiratory morbidity early, to try to prevent impairment in pulmonary function and improve HRQoL.
The main strength of this study was the assessment of pulmonary function and the relations between respiratory morbidity and PFI in an ongoing follow-up program according to a pre-established protocol in well-defined age groups of children and adolescents after EA repair which thus allowed us to compare the degree of PFI in different age groups. Another strength of the current study is that we incorporated the relatively recent GLI reference values for pulmonary function. 13, 15 A limitation of the current study is the relatively small study groups.
However, the study population is within the upper range of previously published reports of pulmonary function testing after EA repair 7,10-12,16-21,32 and represents patients recruited over a period of 6
years. Furthermore, the study population was representative of the EA-population in terms of patient characteristics, according to other reports. 3, 38, 39 As our study is based on data from a clinical follow-up program that has to be feasible to be implemented, we were not able to include bronchial challenge test, imaging, or bronchoscopies.
| CONCLUSION
Respiratory morbidity and PFI were common in children and adolescents after EA repair. The major component of PFI was obstruction of the airways. The risk for PFI increased with lower birth weight and older age at follow up.
The poor correlation between respiratory morbidity and PFI justifies the need of clinical follow up including pulmonary function tests in patients with EA. The dependent variable was impaired pulmonary function and the independent variables were: anastomotic leak, episodes of general anesthesia, extubation day, birth weight, age at follow up, and Gross classification. *statistical significance.
